Impacts of P-f & Q-V Droop Control on MicroGrids Transient Stability  by Zhao-xia, Xiao & Hong-wei, Fang
Physics Procedia 24 (2012) 276 – 282
1875-3892 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of ICAPIE Organization Committee.
doi:10.1016/j.phpro.2012.02.041
2012 International Conference on Applied Physics and Industrial Engineering
Impacts of P-f & Q-V Droop Control on MicroGrids 
Transient Stability 
Xiao Zhao-xia1,Fang Hong-wei2
1School of Electrical Engineering and Automation, Tianjin Polytechnic University   
Tianjin, China  300160 
2School of Electrical Engineering and Automation  
Tianjin University 
Tianjin, China  300072 
Abstract 
Impacts of P-f & Q-V droop control on MicroGrid transient stability was investigated with a wind unit of 
asynchronous  generator in the MicroGrid. The system frequency stability was explored when the motor load starts 
and its load power changes, and faults of different types and different locations occurs. The simulations were done by 
PSCAD/EMTDC. 
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1. Introduction 
A MicroGrid can be defined as an electrical network of small modular distributed generating units 
(micro sources), energy storage devices, controllable loads and control& protective units operating to 
supply the local area with heat, cold and electric power [1]. MicroGrids can operate in parallel to the grid 
or as an island. It is usually connected to the main distribution system by the Point of Common Coupling 
(PCC). A MicroGrid will disconnect automatically from the main distribution system and change to 
islanded operation when a fault occurs in the main grid or the power quality of the grid falls below a 
required standard and A MicroGrid will reconnect to the grid once they are resolved [2]. The micro 
sources in a MicroGrid are made of micro turbine, fuel cell, photovoltaic (PV) arrays, wind turbine 
generator (WTG), energy storage devices (battery or high-speed flywheel). Most micro sources are 
interfaced through power electronic converters as the sources produce either DC (e.g. photovoltaics or 
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fuel cells) or variable frequency AC (e.g. micro turbines, wind turbines). This makes a Micrigrid low-
inertia or no-inertia [3].
Low inertia reduces the spinning kinetic energy of a system, thus a MicroGrid lacks of load following 
ability and has the possibility of transient instability when the MicroGrid transfers between the grid-
connected and islanded mode. The power electronics of the micro sources generally has a fast response 
but they may be susceptible to transient overloads. So the stability of MicroGrids that includes small-
signal stability and transient stability should be investigated before applications[4-6].
Droop method consists of subtracting proportional parts of the output average active and reactive 
powers to the frequency and amplitude of each module to emulate virtual inertias. These control loops, 
also called P-f & Q-V droops, have been applied to avoid mutual control wires while obtaining good 
power sharing. However, the droop method has also several drawbacks. For example, it is load-dependent 
frequency deviation and it is possible to induce system frequency unstable; it is not suitable when the 
paralleled-system must share nonlinear loads; and the power sharing is affected by the output impedance 
of the units and the line impedances.  Reference [6-9] analyzed the effects of the droop gains of droop 
controller and equivalent line impedances on the small-signal stability of a MicroGrid when a two-
paralleled droop controller was used. Reference [10] explored the effects of the master controller 
parameters and the motor load on the transient stability of a MicroGrid when a master-slave controller 
was used. 
Impacts of the P-f & Q-V droop control on MicroGrid transient stability was investigated. Part II 
describes the MicroGrid structures and P-f & Q-V droop control scheme. Part III shows the frequency 
stability of the MicroGrid when motor loads starts and load power changes. Part IV depicts the impacts of 
different fault types and the different fault locations on the transient stability of the MicroGrid. 
Conclusions are drawn in Part V. 
2. Microgrid Structure and Its Control Scheme  
The structure of a MicroGrid is shown in Figure 1. The equivalent circuit model is shown in Figure 2. 
The model of Micro Source 1 and Micro Source 2 is the equivalent DC source and their interfaced 
inverters use the P-f & Q-V droop controller shown in Figure 3. The Micro Source 3 is a wind unit of 
asynchronous  generator using the PQ controller shown in Figure 4. The system data used are given in 
Table 1. 
The gains of droop controller are defined in (1). 
°
°
¯
°°
®
­
 
  ' 
i
in
qi
refi
n
refi
n
refi
pi
Q
VVn
PP
ff
P
fm
max
min
00 2*)(2* ZZSS
 (i=1, 2…)                                                                    (1) 
Where, fn is the normal frequency of the grid and f0 is the allowed maximum frequency. Vn is the idle 
value at no load conditions and Vmini is the allowed minimum voltage value. Prefi is the output active power 
at the normal frequency and Qmaxi is the maximum output reactive power. 
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Table.1 The parameters of controllers and the circuit 
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y ( )
Parameters Value 
Cut-off angle frequency of the low-
pass filter Ȧf (rad/s)
40
Frequency droop gain mp1(rad/s/W) 1.256e-4 
Frequency droop gain mp2 (rad/s/W) 3.14e-4 
Voltage droop gain nq1(V/var) 1e-4 
Voltage droop gain nq2 (V/var) 5e-4 
Normal angle frequency Ȧn(rad/s) 314 
Idle voltage magnitude V0(V) 311 
Pref1 (kW) 50 
Pref2(kW) 20 
PI gains of the PQ controller  Kp=1;Ki=10 
The 5-ordered dynamic model of the motor load was used in this paper. 
3. Frequency Stability Analysis when Motor Load Starts and Its Load Power Change 
Case 1: The simulation conditions are as the follows. 
1) The MicroGrid is islanded. 
2) The motor starts at 10s and its power changes from 0 to the rated power at 15s. 
3) The rated active power of the motor load is 72.6kW and the power of impedance load is 0. 
4) The reference active power of the micro source1 is 50kW, the reference active power of the micro 
source2 is 20kW  
The transient responses are shown in Figure 5. Figure 5 depicts the micro source 1 and 2 not only 
supply the changed active power but also the changed reactive power for the MicroGrid when the motor 
load starts and its power increases. Figure 5(b), 5(h) and 5(i) show the MicroGrid frequency varies with 
output active power of the micro source 1 and 2 varying. As the motor load begins to start, the motor load 
absorbs more active power, the output active power of the micro source 1 and 2 increase, and the 
MicroGrid frequency decreases. After its start, the MicroGrid frequency recover the initial value. During 
the motor load power increasing to the rated value, the output active power of the micro source 1 and 2 
increase again and the MicroGrid frequency decreases. Figure 5(c) and 5(d) depict the output voltage 
magnitude of the micro source 1 and 2 drops deeply when the motor load starts. Figure 5(e) and 5(f) show 
the output current component Id and Iq of the micro source 1 and 2 increase and the component Iq
increases more because the motor load absorbs a lot of reactive power during its start. When the motor 
load power changes to the rated value, the output current component Id and Iq of the micro source 1 and 2 
increase but the component Id increases more. Figure 5(j) shows the output power of the micro source 3 
can keep equal to the reference value only a small change during the transient. Therefore, all of these 
simulation results verify the micro source 1 and the micro source 2 can share the load power. 
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(a) The absorbed active power and reactive power of the motor 
load. 
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(b) The frequency of the MicroGrid. 
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(c) The output voltage magnitude of the micro source1.
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(d) The output voltage magnitude of the micro source2. 
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(e) The output current of the micro source1.
Main : Graphs
Time/s 8.0 10.0 12.0 14.0 16.0 18.0 20.0 
-150 
-100 
-50 
0
50 
100 
S
2C
ur
re
nt
/A
Id2 Iq2
(f) The output current of the micro source2. 
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(g) The voltage magnitude of the motor load.
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(h) The output active power and reactive power of the micro 
source1. 
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(i) The output active power and reactive power of the micro 
source2.
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(j) The output active power and reactive power of the micro source3. 
Figure 5. The transient responses of islanded MicroGrid when the motor load starts and its power changes
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4. Transient Stability Analysis When Faults Occurs 
Case 2: The simulation conditions are as the follows. 
1) Three-phase short-cut fault of the main grid named Fault1 occurs at 10s and the fault clearing time is 
160ms, namely the breaker BK1 and BK2 are open and the MicroGrid operates from grid-connected 
to islanded. 
2) The rated active power of the motor load is 72.6kW and the power of impedance load is 0. 
3) The reference active power of the micro source1 is 50kW, the reference active power of the micro 
source2 is 20kW, and the active power of the micro source 3 is 10 kW and the reactive power is 0.  
The transient responses are shown in Figure 6. It depicts that the spinning speed of the motor drops, 
the voltage collapses and the frequency is out of the limit in the MicroGrid under those simulation 
conditions. Figure 6(a) shows the micro source 1 and 2 can not maintain the frequency stable and the 
MicroGrid frequency drops deeply. Figure 6(b) and 6(c) show the output voltage magnitude drops 
continuously until to collapse after the Fault1 is cleared. This is because the big short-cut current makes 
the line voltage drop big, the voltage of the motor drops quickly , and the motor absorbs more reactive 
power then makes the voltage drop further after the Fault1 occurs. Figure 6(f) shows the absorbed 
reactive power of the motor increases quickly. Figure 6(g) shows the speed of the motor drops to be 
locked after the fault. Figure 6(d) and 6(e) show the output active and reactive power of the micro source 
1 and 2 increase respectively. The increased output active power leads to the frequency drop deeply. The 
increased output reactive power leads to the output vlotage magnitude of the micro source 1 and 2 
decreases due to the Q-V droop controller. So, this makes the voltage collapsed. 
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(a) The frequency of the MicroGrid. 
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(b) The output voltage magnitude of the micro source1. 
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(c) The output voltage magnitude of the micro source2. 
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(d) The output active power and reactive power of the micro 
source1.
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(e) The output active power and reactive power of the micro 
source2. 
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Figure 6. The transient responses of the MicroGrid when three-phase fault occurs 
5. Conclusions 
Impacts of P-f & Q-V droop control on MicroGrid transient stability are as the following. 
1) The micro source 1 and the micro source 2 using P-f & Q-V droop control can share the load power. 
2) The motor load is the main factor that leads to the voltage of the MicroGrid collapsed. the Q-V 
droop controller can increase the possibility. 
3) The MicroGrid should operate from grid-connected to islanded immediately when a three-phase 
short-cut fault occurs in the main grid. 
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